We present the results of our Hubble Space Telescope program and describe how our image analysis methods were used to re-evaluate the habitability of some of the most interesting Kepler planet candidates. Our program observed 22 KOI hosts, several of which were found to be multiple star systems unresolved by Kepler . We use our high-resolution imaging to provide a conversion to the Kepler photometric bandpass (Kp) from the F555W and F775W filters on WFC3/UVIS, and spatially resolve the stellar multiplicity of Kepler-296, KOI-2626, and KOI-3049. The binary system Kepler-296 has a projected separation of 0.
INTRODUCTION
Since its advent, the Kepler mission has increased the number of confirmed and candidate exoplanets by thousands and has pushed the boundaries of known exoplanets to smaller radii and longer orbital periods than previously detected (Batalha et al. 2013; Borucki et al. 2010 Borucki et al. , 2011 Burke et al. 2014; Fressin et al. 2013; Howard et al. 2012; Lissauer et al. 2014 ). The recent release of the first 16 quarters of Kepler data has increased the number of known exoplanets of all radii, but has been especially fruitful for the smallest planet candidates (with a fractional increase of 201% known planets smaller than 2 R ⊕ ) and for the longest orbital periods (with a fractional increase of 124% for orbits longer than 50 days) (Batalha et al. 2013 ). Nearly 20% of planet candidate host stars in the Kepler field, i.e. FGK dwarfs, have been found to have multiple planet candidates (Batalha et al. 2013 ) and recent surveys show that the vast majority of multiple transiting systems represent true multiple planet systems (Lissauer et al. 2014; Rowe et al. 2014) . Studies by Howard et al. (2012) showed that the planet occurrence rate increases from F to K dwarfs, and fol- lowup studies by Dressing & Charbonneau (2013) and Kopparapu (2013) show that this trend continues increasing towards M dwarfs. New estimates of η ⊕ have made use of these more robust statistics, arriving at a conservative prediction that between 7-15% of Sun-like stars have an Earth-size planet in the Habitable Zone (HZ) (Kasting et al. 1993; Petigura et al. 2013) , though utilization of state-of-the-art Habitable Zones will likely reduce this number .
While the majority (> 2000) of the Kepler planet candidates reside in apparently single-star systems, this percentage is likely due to a selection effect that avoids binary targets (Kratter & Perets 2012) . Accounting for the frequency of binary stars, the occurrence of planets in multiple star systems could be as high as 50% (Kaib et al. 2013) . Nearly all of the Kepler targets have been imaged by the United Kingdom Infrared Telescope (UKIRT) or other ground based telescopes that provide ∼ 1 ′′ seeing, but only perhaps a third of planet candidate hosts have been followed up with speckle interferometry, adaptive optics imaging, or other high-resolution imaging capable of resolving tightly bound systems. This implies that a significant fraction of Kepler targets may in fact be close-in binary or higher multiple star systems that remain unresolved. Recent advancements in ground-based adaptive optics (AO), particularly at the Keck Observatory, have spurred interest in producing high-resolution imaging of Kepler Objects of Interest (KOIs), particularly those with the smallest planets at the coolest temperatures (i.e. the most interesting planets). The identification of any diluting sources in the aperture allows for improved precision when determining planet habitability and can also reveal previously unresolved stellar multiplicities. Gilliland & Rajan (2011) and Gilliland et al. (2014) have shown that the high-resolution imaging capabilities of Hubble Space Telescope were ideal for detailed photometric study of Kepler targets and for the identification of field stars in the HST photometric aperture down to about ∆mag = 10 and that the F555W and F775W filters on WFC3/UVIS are ideally suited to observe the majority of Kepler targets.
Our HST Guest Observing Program GO-12893 observed 22 targets before May 1, 2014, six of which (Gilliland et al. 2014 ) were found to be multiple star systems unresolved by Kepler. We perform hierarchical multiple-star isochrone fitting using the latest release of the Victoria-Regina Stellar Models Cassagrande et al. 2014) for three Kepler targets of particular interest: KIC 11497958 (KOI-1422, hereafter Kepler-296), KIC 11768142 (hereafter KOI-2626) , and KIC 6263593 (hereafter KOI-3049). We discuss the parameters of GO-12893 and our image analysis in Section 2, including our use of the DrizzlePac software and our conversion of the Kepler photometry to our HST photometry. In Section 3 we discuss the importance of our three targets and detail our characterization of the stellar components in each multi-star system, including the use of the empirical PSF of Gilliland et al. (2014) to calculate the photometry of our systems, fitting to the VictoriaRegina isochrones and examination of their suitability for our targets, and Gilliland et al.'s false positive analysis of these three systems. Section 4 presents our re-evaluation of the planetary habitability. For the purposes of this paper, we define a "habitable planet" to be a planet that falls between the moist greenhouse limit and the maximum greenhouse limit as defined by Kopparapu et al. (2013) . Finally, we discuss our results in context of previous and future work in Section 5 and summarize our findings in Section 6.
OBSERVATIONS AND IMAGE ANALYSIS
The 158 targets proposed for GO-12893 were selected from the 2013 data release of Kepler planet candidates by Batalha et al. (2013) , prioritized by smaller candidate radius and cooler equilibrium temperature. The remaining ranked targets were then sorted between ground-based AO and HST observations based on the quality of observations for the fainter targets, where HST would provide comparable or better data in half an orbit than a full night of ground-based AO observation on Lick or Palomar systems. This resulted in the selected HST targets having the shallowest transit signatures, which thus require the deepest imaging. The targets have a nominal upper limit of R p < 2.5R ⊕ (Batalha et al. 2013 ), though our analysis in §4 stretches this upper limit. Of the 158 proposed targets, 22 were observed before May 2014 and are included in our analysis (Table 1) . Any observations collected after May 2014 will be analyzed using the techniques presented here and in Gilliland et al. (2014) , but are not included in this paper. Our image analysis utilized the latest image registration and drizzling software from STScI DrizzlePac (Gonzaga et al. 2012 ) and our own PSF definition and subtraction. 
HST High Resolution Imaging
Our HST GO/SNAP program GO-12893 provided high resolution imaging in the F555W (λ ∼ 0.531µm) and F775W (λ ∼ 0.765µm) filters of the WFC3/UVIS camera to support the analysis of faint KOIs. In particular, the parameters of our observations allowed us to examine the properties of faint stellar hosts of small and cool planet candidates. As Gilliland & Rajan (2011) discuss, the sharp and stable point spread function (PSF) of WFC3 allows for the detection of faint companions close to bright targets, which can aid in the elimination of background eclipsing binaries that mimic transit signals, as well as provide information about other diluting sources in the field of view. At the faint magnitudes of typical Kepler stars, our WFC3 imaging provides resolution that is competitive with current ground-based AO and has the advantage of using two well calibrated optical filters well matched to the Kepler bandpass.
The observations made by GO-12893 closely resemble those made by Gilliland & Rajan (2011) , though we only used observations in F555W and F775W since the faintest Kepler targets could still be probed in these bandpasses. Observations planned for each of the 158 SNAP targets were identical in form. In each filter, we took 5 observations of each target: 4 observations with exposure times to reach 90% of full well depth in the brightest pixel, and an additional observation at an exposure time equal to 50% more than the sum of the unsaturated exposures to bring up the wings of the PSF. The saturated exposure yielded a ∆-mag of ∼ 9 outside 2 ′′ and helped with the signal-to-noise anywhere outside the inner 0. ′′ 1. Additional details about observational parameters are discussed in Gilliland et al. (2014) .
AstroDrizzle
AstroDrizzle replaced MultiDrizzle in the HST data pipeline in June 2012 and is a significant improvement over the previous MultiDrizzle software as it directly utilizes the FITS headers for the instrument, exposure time, etc. instead of through user input (Gonzaga et al. 2012) and allows more freedom in regards to the parameters for the image combination. This leads to faster, more com- pact, and target specific drizzled products. Using AstroDrizzle, we were able to adjust the parameters used in creating the median image, the shape of the kernel used in the final drizzled image, and the linear drop in pixel size when creating the final drizzled image, all of which allowed us to create products with sharper and smoother PSFs than previous MultiDrizzle or STScI pipeline products.
We processed each target in our sample in the same manner in order to best compare the final products. The 5 images in each filter were first registered using the tweakreg task in DrizzlePac, which performed finealignment of the images via additional sources found using a daofind-like algorithm. This fine-alignment was necessary to fully realize the high resolution of our observations to create accurate PSFs out of the drizzled products. After registering the images, they were combined through astrodrizzle, which first drizzled each separate image, created a median image, and blotted back the median image into the separate exposures to convolve each exposure with the instrumental PSF and reconstruct it after the instrumental effects were removed. These reconstructed images were then corrected for cosmic ray contamination and finally drizzled together, with the final astrodrizzle product scaled to 0.
′′ 03333/pixel. Lastly, we centered the target on a pixel to within ±0.01 pix by utilizing the astrodrizzle output world coordinate system rotation matrix to transform the desired shift of the centroid of the star in pixel-space to a shift in RA/DEC-space. The drizzling and centering process was iterated as often as necessary to center the target on a pixel to the desired accuracy, which aided in constructing an accurate PSF. 1 shows the final drizzled product in the F775W band for KIC 4139816, a typical single star from our sample. The pipeline product for this target showed a rough PSF near the center of the target, and further examination showed that the pipeline had incorrectly classified pixels in the saturated exposure. Manual adjustment of the data quality flags allowed us to correct the issue in our AstroDrizzled product, leading to a smoother and sharper PSF than the pipeline product.
Kp−HST Photometric Conversion
Calibrating the Kepler photometric system to the HST system served two purposes: the first to provide a check on the quality of our images and analysis, and the second to calculate the dilution of the transit depths due to additional stars in the Kepler photometric aperture. We calculated photometry from the AstroDrizzle products by summing the flux within a square aperture equivalent in area to a 2.0 ′′ radius aperture centered on the target. We then used the published encircled energy of 99% relative to an infinite aperture along with published zero points 5 to obtain F555W and F775W magnitudes for the targets. Errors on the magnitudes are estimated to be 0.03 in both filters.
We then compared the published values for Kp from the Kepler Input Catalogue to F555W and F775W for the 22 targets observed by GO-12893 The fitted errors for this relation are 0.019 mag for the F555W and F775W coefficients and 0.027 mag for the intercept, with an RMS scatter about the fit of 0.042, showing that our simple linear modeling works well for this sample. The error on the derived Kp magnitude depends on the F555W − F775W color as
leading to slightly higher errors in Kp for redder targets in HST.
3. EVALUATION OF KEPLER-296, KOI-2626, AND KOI-3049
STELLAR PARAMETERS
GO-12893 observed three systems of particular interest: Kepler-296, KOI-2626, and KOI-3049. Kepler-296 was first published as a multiple planet system by Borucki et al. (2011) .
The stellar properties for this system were significantly updated by Muirhead et al. (2012) , Dressing & Charbonneau (2013), and Mann et al. (2013) , and as a result of these studies it was found that Kepler-296 contained at least three potentially habitable planets. However, Lissauer et al. (2014) showed using Keck AO and these HST images that Kepler-296 is actually a tight binary star system that appeared blended in the Kepler CCDs. KOI-2626 was first published in Batalha et al. (2013) , and examination by Dressing & Charbonneau showed that the single planet in the system was potentially habitable (though Mann et al. (2013) refutes this), until later Keck AO observations revealed it to be a tight triple star system. It was noted in July 2013 on the Kepler Community Follow-up Observing Program 6 (CFOP) that KOI-3049 has a companion detected 0.
′′ 5 away via Lick AO, but no confirmation of binarity has been published to date. The stellar multiplicity of all systems has profound impacts on the habitability of their planets, which we reevaluated in this study.
Figures 3, 4, and 5 show the AstroDrizzle combined images of Kepler-296, KOI-2626, and KOI-3049, respectively, and display the tight, apparent multiplicity of the systems. To determine whether or not these are truly bound systems, we performed PSF fitting for each system as described in Gilliland et al. (2014) to separate the components in the HST filters. To ensure that the multiple components are not random superpositions of stars in our observations, we then attempted to fit the components of each system to a single isochrone to prove the systems' bound and co-eval natures and determined the probability that a random star in the field would produce a false positive isochrone match to the same precision. The PSF definition and the false positive determination are outlined here and described in detail in Gilliland et al. (2014) .
centering of the target, and which were apparently single stars (Gilliland et al. 2014) . Fitting the PSF to the observed parameters of the three systems returned the separation and orientations of the components of the systems and their fractional contributions to flux in each HST bandpass. Combining the PSF fits for Kepler-296 with the Kp − HST transformation in Eq. 1 shows that for Kepler-296, component A contributes 80.9% of the light in Kp, while component B contributes 19.1% (Lissauer et al. 2014) . Estimated uncertainties for these percentages are 3%. We found that component B is offset from the brighter component A by 0.
′′ 217 ± 0. ′′ 004 at a position angle of 217.
• 3 ± 0.
• 8 North through East. We used the same global PSF as a function of color and focus to evaluate a similar empirical PSF for KOI-2626 using the appropriate color, focus, and offset values. Inspection of the drizzled image minus the fit for both F555W and F775W was consistent with this having worked adequately, and no evidence for yet further components in the KOI-2626 system turned up. For KOI-2626, component A contributes 54.5% in Kp, component B contributes 31.0%, and component C contributes 14.5%. Estimated errors for these fractions are 6%. We found that component B is separated from component A by 0.
′′ 201 ± 0. ′′ 008 at a position angle of 212.
• 7 ± 1.
• 6 N-through-E, and component C is separated from component A by 0.
′′ 161 ± 0. ′′ 008 at 181.
• 6 ± 1.
• 6 N-through-E. Fitting of the global PSF for KOI-3049 using the the corresponding color and focus values for this system showed that component A contributes 62.3% in Kp and component B contributes 37.7%, with estimated errors 2%. We found that component B is separated from component A by 0.
′′ 464 ± 0. ′′ 004 at a position angle of 196.
• 9 ± 0.
• 8. The estimated error for this system is lower than for either Kepler-296 or KOI-2626 as the components of the system are both brighter and more widely separated, and thus the PSF fitting was able to more distinctly separate the components.
In addition to the derived WFC3-based magnitudes and colors for the individual components of Kepler-296, KOI-2626, and KOI-3049, we also utilized the SDSSbased magnitudes (Fukugita et al. 1996) available in the Kepler Input Catalogue (KIC) (Brown et al. 2011) as well as the 2MASS near-IR photometry available for the blended components. We found that the SDSS g and r band photometry was redundant for our late-type stars given our WFC3 photometry, and the SDSS z band was unreliable at the apparent magnitudes examined here (Brown et al. 2011) . We therefore chose to include the blended photometry for the SDSS i band, adopting the transformation to standard SDSS photometry as detailed in Pinsonneault et al. (2012) . As 2MASS J − K is relatively constant for a large span of early M dwarfs, we chose to utilize i − J for the blended components in the fitting. For KOI-2626, Keck-AO data from NIRC-2 ( Fig.  6 ) allowed PSF fitting and subtraction to derive photometry for the individual components of that system in the Ks band and was used to replace the blended i−J color in the isochrone fits. Our derived WFC3-based photometry, the blended i − J colors, and the Ks band photometry for KOI-2626 used in the isochrone fitting are listed in Table  2 for Kepler-296, KOI-2626,and KOI-3049. We chose to use the ∆ − mag in F775W for each system as the longer wavelength of that filter should be more reliable for our late-type stars than the F555W photometry.
Reddening Corrections
As we did not assume a distance (and therefore a reddening) value a priori for any of our systems, we allowed for adjustment of E(B −V ) in order to find the best fit. We used the extinction laws for J, i, and Ks bands from Pinsonneault et al. (2012) which are
where A band is the extinction in the desired band and A V = 3.1×E(B −V ) is the extinction in the V band. We calculated the extinction laws for F555W and F775W using the HST Exposure Time Calculator for WFC3/UVIS 7 , to be
3.3. Fitting Using Victoria-Regina Isochrones Based on the derived WFC3 photometry for the components of Kepler-296, KOI-2626, and KOI-3049, we anticipated that Kepler-296A matches the temperature of an early M dwarf, with Kepler-296B a slightly later M dwarf (Lépine et al. 2013) . We also predicted KOI-2626A to be a slightly later M dwarf than Kepler-296A, KOI-2626B between Kepler-296A and Kepler-296B, and KOI-2626C slightly later than Kepler-296B. We expected both KOI-3049A and KOI-3049B to be earlier types than Kepler-296A, falling near late-K/early-M dwarfs (Boyajian et al. 2012) . Dressing & Charbonneau (2013) argue that the Dartmouth Stellar Evolution Database (Dotter et al. 2008) provides the most state-of-the-art representation of the evolution of M dwarfs and thus We have found that the Dartmouth isochrones systematically overestimate the temperatures, masses, and radii for M dwarfs when optical bandpasses are used for the fitting. Additionally, the Dartmouth isochrones predict that below a certain temperature all M dwarfs have the same color in optical bandpasses, which does not match our full observational sample (Gilliland et al. 2014) . The newest release of the Victoria-Regina (VR) Stellar Models Cassagrande et al. 2014) demonstrates increasingly red colors for decreasing stellar brightness, a much more accurate representation of observed M dwarfs in the solar neighborhood and our full target sample. Fig. 7 shows solar metallicity, 5 Gyr isochrones from the VR and Dartmouth with stars from the RECONs project (Henry et al. 1999 (Henry et al. , 2006 Cantrell et al. 2013; Jao et al. 2014) within 5 pc of the Sun overplotted. From this we can see that stars with F555W − F775W colors smaller than ∼ 1 do not distinguish between stellar models. Stars with colors redder than 1 follow the VR models more closely than the Dartmouth models. The deviation becomes greatest for colors redder than 2.5, where the RECONs data shows a continual reddening of color with decrease in magnitude, which Dartmouth models do not show. See Gilliland et al. (2014) for more details on the limitations of the Dartmouth isochrones in optical bandpasses and comparison of Dartmouth isochrones to empirical isochrones fit to solar neighborhood stars. Initial analysis using the Dartmouth isochrones yielded stellar temperatures that were significantly hotter than previous studies suggested (Dressing & Charbonneau 2013; Muirhead et al. 2012 ) and the lack of consistency with those calculations remained troubling until the limitations of Dartmouth models for cool stars in optical bandpasses were realized. We therefore used the synthetic photometry available for the VR isochrones for F555W, F775W, i, J, and Ks bands to perform our fitting.
Using the data and codes provided by VandenBerg et al. (2014) and the methods described in the Appendix to Cassagrande et al. (2014), we generated ten 5 Gyr isochrones assuming a helium fraction of 0.27, [α/Fe] = 0.0, and spanning the metallicity range [Fe/H] = −0.5 → +0.4 in steps of 0.1 dex. We then linearly interpolated the generated isochrones halfway between the given points and added calculations of L/L ⊙ and R/R ⊙ from the quantities provided. The resulting isochrones contained synthetic photometry for F555W, F775W, i, J, and Ks bandpasses as well as fundamental stellar parameters. The final isochrones used spanned a range of ∼ 0.12 < M/M ⊙ <∼ 1.2.
The Kepler light curves for Kepler-296, KOI-2626, and KOI-3049 all show low amplitude, long period variations (∼ weeks) which are characteristic of older stars. As Mdwarfs evolve little over the course of their very long lives, we have adopted an age for all systems of 5 Gyr; adjustment of this age showed insignificant impact on the results. Assuming these are systems of late-type main sequence stars, we further restricted our isochrone fitting only to stars with M ⋆ /M ⊙ ≤ 1.0. Lastly, we required that the brightest component of each system be the most massive, with the dimmer component(s) being less massive. If the systems are truly bound then each component is at the same distance from us, meaning that the apparent magnitudes correlate with the effective temperatures and therefore with the mass.
To fit both stellar components of Kepler-296 and KOI-3049, we performed a minimum-χ 2 fitting between the observed and synthetic photometries described above. We chose to minimize the quadrature sum of the differences for the color of component A, the color of component B, the magnitude difference of B-A in F775W, and the blended i − J color, given as 
where ∆(F555W − F775W) are the color differences between the observed colors and the tabulated values in the synthetic VR isochrones, ∆F775W B−A is the observed difference in magnitude between components B and A in the F775W band minus the same quantity from the isochrones, and ∆(i − J) A+B is the i − J color for the observed blended A+B photometry minus the blended isochrone values for A+B. The σ values were set to 0.03 mag for Kepler-296 and 0.02 mag for KOI-3049 for colors within the same photometric system, and 0.08 for cross-system colors (i.e. for i − J ).
For the three components of KOI-2626, we performed a similar minimum-χ 2 fitting, including Ks band photometry in place of i − J and adding appropriate terms for component C, given as
Terms in Eq. 6 are the same as Eq. 5, with the addition of ∆(F555W − F775W) for the C component, ∆F775W C−A for the observed difference in magnitude between components C and A in the F775W band minus the same quantity from the isochrones, and similar quantities for F775W-Ks colors and ∆Ks magnitudes of all components. The σ values in Eq. 6 were set to 0.05 mag all terms except any involving component C, which were set to 0.08. The σ's were increased to account for the larger uncertainty in the PSF fitting and thus the contributions of each component to the total magnitude. When fitting the observed photometry to the isochrones, we used the reduced χ 2 metrics, where χ 2 binary was reduced by a factor of (1−dof) = 3 and χ 2 triple was reduced by a factor of (1 − dof) = 9.
Each fitting was performed hierarchically. In the fitting of Kepler-296 and KOI-3049, for each value of M A , the value of M B that produced the minimum χ 2 as per Eq. 5 was selected. The overall best fit was the combination of A and B masses that produced the global minimum χ 2 binary . This two-level hierarchical fitting was performed for the three binary permutations of components of KOI-2626 as well, to determine that each binary permutation of the system (A-B, A-C, and B-C) could also be co-eval, to ensure that the photometry was producing consistent results between combinations of components, and to provide initial values for the masses of each component in the triple-star fitting. To perform the three-component hierarchical fitting, we took the initial estimates for the masses of each component and searched a range of surrounding masses for the best fit, with the size of the range dependent on the reliability of the photometry for that component. For each mass in the range of component A, Eq. 6 was minimized for every combination of B and C masses. The overall combination of A, B, and C, that produced the global minimum of χ 2 triple was adopted as the best fit.
Lacking spectroscopic determinations for metallicity for Kepler-296, KOI-2626, or KOI-3049, we fit each system to isochrones of each metallicity in our range at E(B −V )= 0 to find the best fitting metallicity, and then increased the reddening to determine whether or not an increased reddening would provide a better fit at that metallicity. In all cases, E(B −V )=0 provided the best fits. Table 3 provides the minimum χ 2 for each system at each metallicity for E(B −V )=0. Kepler-296 and KOI-2626 both show a clear best fit for [Fe/H] = +0.3 and +0.1, respectively. While KOI-3049 has a best fit for [Fe/H] = −0.4, all metallicities tested show approximately the same goodness of fit, suggesting the independence of the stellar parameters with regards to metallicity for that system. For the evaluation of planetary habitability, stellar parameters from the best fit metallicity (highlighted in bold in Table 3 ) were chosen. As the best fit χ 2 for Kepler-296 is significantly below 1, we are likely overestimating our errors for that system.
False Positive Determination
In addition to showing that the suspected companion stars for Kepler-296, KOI-2626, and KOI-3049 are coeval, we performed a Bayesian-like false positive analysis on the three systems to determine the probability that the isochrone matching described in §3.3 could have Note.
-Tabulated values were calculated for E(B −V ) = 0.00, [Fe/H] = +0.3, age = 5 Gyr, and were matched to the observed values in Table 2 . χ 2 min = 0.218. produced a good match without the stars being physically associated (Gilliland et al. 2014 ). For the components of Kepler-296, the ratio associated:random was 4101.6:1; for KOI-2626, the ratio was 2832.9:1 for the primary and secondary companions and 928.1:1 for the primary and tertiary companions; for KOI-3049 the ratio was 1923.7:1. A secondary result of this false positive analysis was the identification of previously unknown likely companions to our 22 target stars that do not visually stand out as associated stars. A list of these stars and their likely physically associated companions can be found in Gilliland et al. (2014) along with additional details about the false positive determination. Note.
-Tabulated values were calculated for E(B −V ) = 0.00, [Fe/H] = +0.1, age = 5 Gyr, and were matched to the observed values in Table 2 . χ 2 min = 0.860.
shows the variation of χ 2 (calculated as in Eq. 5) with the best-fit masses of the primary and secondary component of Kepler-296 indicated. The 1σ errors were calculated by finding the two points along the χ 2 curves in Fig. 8 that corresponded to values of χ 2 min + 1.57, accounting for 4 degrees of freedom in the fit (Press et al. 1986 ). The optimal stellar parameters and their errors are tabulated in Table 4 .
We calculated the distance to Kepler-296 by applying the distance modulus formula to the observed and absolute magnitudes of each component in each HST filter then averaging the four estimates. The absolute magnitudes from the isochrone match combined with the apparent magnitudes from our HST imaging implies a distance to Kepler-296 of 360 ± 20 pc. At this distance, the empirically measured separation of 0.
′′ 217 ± 0. ′′ 004 translates to a physical separation of 80 ± 5 AU and an orbital period of 660 ± 60 years. The true values of both the separation and period are likely larger due to projection effects foreshortening the true separation and orbital period.
KOI-2626 Best-fit Stellar Parameters
The best fit for KOI-2626 occurred for [Fe/H] = +0.1, with M A /M ⊙ = 0.501 ± 0.029, M B /M ⊙ = 0.436 ± 0.028, and M C /M ⊙ = 0.329 ± 0.027. The tabulated temperatures that correspond to these masses in the VR isochrones are T A = 3649 ± 60 K, T B = 3523 ± 43 K, and T C = 3391 ± 31 K. These temperatures translate roughly to M1.0V, M2.0V, and M2.5V, respectively based on Lépine et al. (2013) . The stellar radii are R A /R ⊙ = 0.478 ± 0.028, R B /R ⊙ = 0.415 ± 0.027, and R C /R ⊙ = 0.321 ± 0.021 as calculated from the tabulated values of T eff and stellar luminosity from the isochrones. These parameters are tabulated in Table 5 . Curves showing the variation of χ 2 (calculated as in Eq. 6) as a function of stellar mass similar to Fig. 8 were created and used to determine the best fit and 1σ points. The listed errors are 1σ above the minimum χ 2 value of 0.860, with the 1σ errors determined as χ 2 min + 1.28 for the 10 degrees of freedom in the fitting (Press et al. 1986 ).
The absolute magnitudes from the isochrone match combined with the apparent magnitudes from our HST Note.
-Tabulated values were calculated for E(B −V ) = 0, [Fe/H] = -0.4, age = 5 Gyr, and were matched to the observed values in Table 2 . χ 2 min = 0.907.
imaging implies a distance to KOI-2626 of 340 ± 35 pc. At this distance, the empirically measured separation of 0.
′′ 203 between components A and B translates to a physical separation of 70 ± 7 AU and for the measured separation of components A and C of 0.
′′ 161 we calculated a physical separation of 55 ± 6 AU. Again, the real values are likely larger due to projection effects.
KOI-3049 Best-fit Stellar Parameters
The best fit for the components of KOI-3049 occurred for [Fe/H] = −0.4. We find that M A /M ⊙ = 0.607±0.009 and M B /M ⊙ = 0.557 ± 0.008. The tabulated temperatures that correspond to these masses in the VR isochrones are T A = 4529 ± 52 K and T B = 4274 ± 36 K. These effective temperatures match approximately to K4.0V and K5.5V, respectively, based on the spectral types tabulated in Boyajian et al. (2012) , as the temperatures are outside the range provided by Lépine et al. (2013) . We find the stellar radii to be R A /R ⊙ = 0.588 ± 0.007 and R B /R ⊙ = 0.536 ± 0.008. The optimal stellar parameters and their errors are tabulated in Table 6 . Curves showing the variation of χ 2 (calculated as in Eq. 5) as a function of stellar mass similar to Fig.   8 were created and used to determine the best fit and 1σ points. The listed errors are 1σ above the minimum χ 2 value of 0.907, with the 1σ errors determined as in §3.5.
The absolute magnitudes from the isochrone match combined with the apparent magnitudes from our HST imaging implies a distance to KOI-3049 of 485 ± 20 pc. At this distance, the empirically measured separation of 0.
′′ 464 ± 0. ′′ 004 translates to a physical separation of 225 ± 10 AU and an orbital period of 3150 ± 205 years. Again, the true values are likely larger due to projection effects.
Isochrone Fit Discussion
To compare the best-fit stellar properties of Kepler-296, KOI-2626, and KOI-3049 we plotted each component atop their respective best fit isochrones in Fig. 9 . The observed photometry tabulated in Table 2 was converted to absolute photometry using the distances derived from the respective isochrone fits. From Fig. 9 we note that our initial guesses at the relative magnitudes of the components of all three systems were correct, and that Kepler-296, and KOI-3049 are very likely bound binary systems based on their close fits to the VR isochrones. The only star that falls somewhat off of the isochrone is KOI-2626 B, which appears to be slightly redder than the isochrone fit would suggest. However as KOI-2626 B still fits the isochrone within its 1σ error on color, we still report with high confidence that KOI-2626 is a bound triple star system.
PLANETARY HABITABILITY
The multiplicity of Kepler-296, KOI-2626, and KOI-3049 have interesting implications on the habitability of the planets in each system. Dressing & Charbonneau (2013) determined that the planets Kepler-296 d (the third planet in the system) and KOI-2626.01 (the only detected planet in the system) were habitable, given the systems' previously thought single-star properties. Mann et al. (2013) re-evaluated the temperatures of these stars using stellar temperatures derived from midresolution spectra and found that those two planets were actually interior to their respective Habitable Zones. However, neither of those studies accounted for the multiplicity of those systems, and thus their HZ analyses are flawed. Knowing now that Kepler-296, KOI-2626, and KOI-3049 are multiple-star systems, we recalculated the planetary parameters of all detected planets around each potential stellar host using the best-fit stellar parameters in order to re-evaluate the planetary habitability.
Circumbinary and circum-triple orbits were not tested for habitability, as the wide physical separations of the systems coupled with the short transit periods preclude orbits around multiple stars. Our projected separations of the stellar components of Kepler-296, KOI-2626, and KOI-3049 indicate that they are either close or moderately separated systems, but as we cannot correct for projection effects the systems could well contain wider orbits. While circum-primary orbits reduce the likelihood of the additional stellar component(s) interacting catastrophically with the planetary orbits, we tested the habitability of each planet assuming an orbit around each stellar component separately, as we currently lack data indicating which stars hosts which (or any) planets in these systems.
The existence of other bright stars in the Kepler photometric aperture (in this case due to the stellar multiplicity of the systems) required that the recorded transit depth be corrected for the light dilution from the additional star(s). To account for the transit dilution, we scaled the blended transit depth observed by Kepler by the photometric contribution of the star of interest, as ∆F true = ∆F/dilution (7) where ∆F is the transit depth as measured by Kepler, and dilution is the fraction of the blended light in the Kepler aperture that is contributed by the individual stellar components. The dilutions to the transit depth were calculated using the PSF fitting ( §3.1) coupled with the Kp − HST conversion ( §2.3), and are listed in §3.1. As each star is smaller and cooler than the raw Kepler photometry indicates (as Kepler only shows the blended system), the relative drop in the stellar flux due to the transit is actually larger than was measured, which in turn increases the ratio of R p /R * . The input transit parameters used in the habitability calculations are found in Table 7 . The errors listed for ∆F true were calculated using the detection S/N and the archive-listed transit depth in parts per million.
Calculation of Planetary Parameters
Using the transit parameters listed in Table 7 , we calculated the planet radius, the semi-major axis, the equilibrium temperatures, masses, bulk densities, and incident stellar flux of each planet around each of its potential host stars. The planetary radius was directly calculated from the stellar radius and the transit depth using the equations of Seager & Mallén-Ornelas (2003) , as
where ∆F true is the dilution-corrected transit depth from Eq. 7 and R ⋆ is the stellar radius. The orbital semi-major axis was calculated from the KIC transit period and the best-fit stellar mass, using
where P p is the planetary orbital period and M ⋆ is the stellar mass. The semi-major axis calculated in Eq. 9
was combined with the best-fit stellar effective temperature and radius to get the planetary equilibrium temperature via
where A is the assumed Bond albedo of 0.3 and a p is the planetary semi-major axis as calculated in Eq. 9. This equilibrium temperature does not account for any potential greenhouse effects, which would not only warm the surface but are unavoidable if there is any liquid water on the surface. Next, the stellar flux incident on the planet was calculated relative to the flux received at Earth by
where P p is the planetary orbital period, R ⋆ is the stellar radius, T * is the stellar temperature, and T ⊙ = 5779 K is the adopted value of solar effective temperature. Lastly, the mass and density of the planets were calculated using the empirical relations of Weiss & Marcy (2014) for planets less than 4 Earth-radii, given as ρ p = 2.43 + 3.39
for R p /R ⊕ < 1.5 and
for 1.5 ≤ R p /R ⊕ < 4. The relation of Lissauer et al. (2011) was used for planets with R p /R ⊕ ≥ 4, as
which fits exoplanet observations for planets smaller than Saturn. Conversion between mass and density was done using
We used the formalism of Kopparapu et al. (2013) to determine the habitability of the planets. Using Eq. 2 from that paper, we calculated the locations of the moist greenhouse limit (inner) and the maximum greenhouse limit (outer) for each of our component stars and compared the limits to the calculated effective stellar flux incident on the planets from Eq. 11. If a planet falls between the moist and maximum greenhouse limits, we considered it to be habitable. The moist and maximum greenhouse limits were chosen to be conservative locations of the Habitable Zone, though for stars with T eff 5000 K the moist greenhouse limit is indistinguishable from the runaway greenhouse limit.
The projected separations of the stellar components in both systems range from ∼ 50 − 225AU, while the orbital periods of the planets as measured by Kepler are on the order of weeks. The wide separations of the components of each system greatly reduce the Kopparapu et al. (2013) . Any planets not shown fall significantly interior to the Habitable Zone. Planet labels as in Table 7 .
chances that the components produce overlapping Habitable Zones like in close (i.e. < 50 AU) multi-star systems (Kaltenegger & Haghighipour 2013) . Furthermore, censuses of the populations of protoplanetary disks in wide ( 40AU) binary systems show that the influence of a binary companion reduces the lifetime of the disk by a few Myr, which decreases the likelihood of planet formation (Kraus et al. 2012) . As these systems successfully completed planet formation, the protoplanetary disk was likely only affected minimally by the stellar companion(s), suggesting independent Habitable Zones. Table 8 lists the calculated planetary parameters for each planet around each potential stellar host. We find planetary radii that range from 1.22R ⊕ to 4.18R ⊕ and are larger than those the Mikulski Archive for Space Telescopes 8 (MAST) due to the dilution corrections. Regardless of the host star around which the planets orbit, all planets around Kepler-296 and the single planets around KOI-2626 and KOI-3049 are super-Earths/mini-Neptunes.
Implications on Habitability
Our calculated values of planetary radius are larger than those tabulated in Dressing & Charbonneau (2013) and Muirhead et al. (2012) for Kepler-296 c, Kepler-296 d, and Kepler-296 b, and larger than the radii recorded in MAST for all planets in the Kepler-296 system due to our inclusion of the transit depth dilution. Our planetary radius for KOI-2626.01 is also larger than those recorded in MAST and Dressing & Charbonneau (2013) , and our radius for KOI-3049.01 is larger than the MAST value for the same reason. Figure 10 displays a subset of planets that fall in or near the Habitable Zones of their potential host star and helps highlight the differences between our calculations and those of of Dressing & Charbonneau (2013) and Muirhead et al. (2012) . Both Dressing & Charbonneau and Muirhead et al. determined that Kepler-296 d was in the Habitable Zone of the assumed single star. Using our stellar solutions for Kepler-296, Kepler-296 d is not habitable around either star, and in fact falls significantly interior to the Habitable Zone of either star. The outermost planet in the system (Kepler-296 f) now falls comfortably within the Habitable Zone of the secondary star, and slightly interior to the Habitable Zone of the primary. Kepler-296 e also falls just slightly interior to the Habitable Zone of the secondary. Neither Dressing & Charbonneau nor Muirhead et al. reported on the status of Kepler-296 f or Kepler-296 e due to the timing of the two studies.
The multiplicity of KOI-2626 also changes our understanding of the habitability of its single planet. Dressing & Charbonneau report that KOI-2626.01 falls within the Habitable Zone of the assumed single star, but our results show that this is only possible around the secondary or tertiary star, and and falls well interior to the Habitable Zone of the primary.
Lastly, we find that the multiplicity of KOI-3049 does not help its planet's chances of habitability. Even with the stellar dilution to the transit depth accounted for, KOI-3049.01 remains well interior to the Habitable Zone around both the primary and secondary components, as it also did for the initial single-star analysis. Mann et al. (2013) report T eff = 3637 K which falls between our solutions for components A and B. That our solutions agree with blended temperature estimates derived using two different methods suggests that the VR isochrones provided a logical solution for both Kepler-296 and KOI-2626. Muirhead et al. (2012) did not include KOI-2626 system in their studies, and none of the aforementioned reports included KOI-3049.
Our initial analysis attempted to follow the procedure outlined in earlier sections of this paper, but utilizing the Dartmouth Stellar Evolution Database isochrones (Dotter et al. 2008) in place of the VR isochrones. This was initially an attempt to best compare to the studies of Dressing & Charbonneau (2013) and Muirhead et al. (2012) , the former of which also fit to Dartmouth isochrones and the latter which produced consistent results using spectroscopic methods. Our first results from using the Dartmouth isochrones indicated temperatures for all components that were much hotter than the temperatures reported by both studies (and later reported by Mann et al. (2013) as well). Investigating the cause of this difference, we attempted first to replicate the results of Dressing & Charbonneau (2013) regarding the temperature of Kepler-296, using the same seven bands that were used in that study (grizJHK). We were able to match the Dressing & Charbonneau (2013) T eff to within 100 K, and found that the inclusion on the SDSS g band photometry skewed the isochrone fitting to significantly cooler temperatures. Dropping the g band photometry produced a warmer midpoint between A and B temperatures and a large drop of χ 2 , while exclusion of any other band made little difference on the temperature midpoint or χ 2 . Knowing a priori the late spectral types of the targets, we observe that the inclusion of g band photometry may bias some of the isochrone solutions of Dressing & Charbonneau. Photometry in the g band is also observationally suspect in the KIC at those faint magnitudes (Brown et al. 2011 ). The photometric issues are then coupled with the uncertainties of the Dartmouth isochrones for late-type stars as discussed in §3.3. We also note that our analysis is limited to the use of optical and near-optical bandpasses, which are not the most reliable wavelength ranges for cooler stars. Inclusion of infrared bands for these targets will likely affect the temperatures derived from the isochrone fitting and resolve the differences between VR and Dartmouth isochrones.
Habitable planets in the canonical sense must not only have the capability for liquid water on the surface, but also have a solid surface on which that water can exist. In short, the planets must be rocky and not gaseous. Using radial velocity measurements of 22 Kepler targets, coupled with Doppler spectroscopy, high-resolution imaging, and asteroseismology, Marcy et al. (2014) measured the sizes and densities for 49 planet candidates and concluded that only planets with radii less than ∼ 2 R ⊕ are compatible with purely rocky compositions. Planets larger than that must have a larger fraction of lowdensity material, e.g. H, He, and H 2 O. Our updated planet radii indicate that the smallest possible planet radius is less than 2 R ⊕ for Kepler-296 b around its primary star or secondary star and KOI-3049.01 around its primary star. Excepting the three planets listed, the remainder of planets in our study are above the rocky limit reported by Marcy et al., so we are left to conclude that none of those planets in all three systems is likely to be rocky, and therefore, not habitable in the canonical sense. Kepler-296 Ab, Kepler-296 Bb, and KOI-3049 A.01 all likely have mostly rocky compositions. We cannot exclude the possibility of a very massive yet rocky planet like Kepler-10c (Dumusque et al. 2014 ) as we lack radial velocity measurements needed to calculate the planetary masses and densities directly. Even if those planets in the Habitable Zone remain too large to be rocky, the possibility of habitable exomoons would remain.
Our current evaluation of planet habitability in each system is accurate to first order, but the equations in §4.1 do not account for stellar limb darkening, orbital eccentricity, inclinations, or impact parameters. A more robust method of transit analysis would fit a transit model using an MCMC algorithm to iteratively solve for the best fitting transit model and then apply the fitted parameters to more sophisticated HZ models.
CONCLUSION
Using the results of our HST GO/SNAP program GO-12893 we derived HST-based photometry for the hosts of some of the most interesting Kepler planet candidates and created a conversion between the broad-band Kp and our two filters from HST. We utilized the empirical PSF from Gilliland et al. (2014) for Kepler-296, KOI-2626, and KOI-3049, three Kepler targets that were recently discovered to be tight multi-star systems with small and cool planets. Based on the goodness of the binary isochrone fitting, we determined that components A and B in Kepler-296 are almost certainly a bound, coeval system consisting of two early-M dwarfs. Based on the updated stellar properties from the Victoria-Regina Stellar Model isochrone matches, we found that the system still contains a potentially habitable planet around its secondary star, with all other combinations of starplanet producing too-hot planets. Likewise, we found that KOI-2626 is likely a bound, co-eval, triple star system containing three early-to mid-M dwarfs with a single planet that is potentially habitable around the secondary and tertiary stellar components. Lastly, while KOI-3049 is likely also a bound, binary K dwarf system, its single planet is not habitable around either stellar component. While the sizes of the planets indicate that most are likely gaseous, Kepler-296 Ab, Kepler-296 Bb, and KOI-3049 A.01 likely have mostly rocky compositions based on the work of Marcy et al. (2014) . The three potentially habitable planets have densities more consistent with a higher gaseous fraction and are likely not habitable in the canonical sense despite their temperatures.
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